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© Hybridisation probes. 

ala«r S e^ll^ C r? inat | n K 9 3 **** SeQUenCe fr ° m 3 Varianl base sequence com P rises Ejecting 
2™ Tn ? «T 96t b3Se SeqU6nCe 10 h y bridi «tion with a detectable first nucleotide probe and with a 

!Tr« J T ^ P T t0 ^ 3 hybrid " 0,6 nUC,e0tide Se ^ uence of «» fir * 30(1 **ond P^e being such that 
^7^^ 3 com P ,ementar y *B« sequence they may subsequently be linked, 

subjecting any hybnd obtained to linkage and detecting any hybrid obtained 
Hybnd.sat.on probes and kits for use in such a method are also described. 
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HYBRIDISATION PROBES 



The present invention relates to a method for the use of hybridisation probes, hybridisation probes 
therefor and kits for use in such a method. The present invention is particularly concerned with dis- 
criminating a specific base sequence from a variant base sequence and relates in particular to the 
advantages which may be obtained by subjecting adjacent segments of a target base sequence to 
5 hybridisation with a detectable first nucleotide probe and a second nucleotide probe. 

The present invention thus relates inter alia to discriminating specific base sequences whilst ameliorat- 
ing the problem of background non-specific hybricisation commonly encountered with hybridisation of short 
oligonucleotide probes to complex genomes. 

Nucleic acid hybridisation analysis is a technique of wide applicability in the fields of biomedical 
ro research and recombinant DNA technology. Thus for example hybridisation probes are useful for detecting, 
monitoring, locating and isolating nucleic acids and other molecules of scientific or clinical interest! 
Particularly useful are small oligonucleotide hybridisation probes which may for example be used to detect 
changes in DNA base sequences in relation to certain disease states such as phenylketonuria, alphaan- 
titrypsin deficiency, alpha-and beta-thalassaemia and sickle cell anaemia. These disease states are often 
rs associated with known single point mutations in genes. 

Whilst short oligonucleotide hybridisation probes are of considerable utility, they are usually associated 
with a high background of non specific hybridisation particularly when used for analysis of the genomes of 
higher organisms/ This problem arises from the greater complexity of the genome. Thus for example 
mammals may contain of the order of a thousand-fold more DNA per cell than bacteria, and many of the 
20 nucleotide sequences may be repeated. For any given nucleotide probe therefore stable duplexes 
(hereinafter also referred to as hybrids) other than the desired duplex will usually be formed. This problem 
is particularly exacerbated by using very high oligonucleotide concentrations in order to accelerate the 
hybridisation process. This problem can be circumvented by using gel electrophoresis to resolve different 
DNA (or RNA) fragments before oligonucleotide hybridisation to ensure that a specifically hybridising 
25 fragment is resolved from non-specifically hybridising fragments. For example. Woo et al (Banbury Report, 
Recombinant DNA Applications to Human Disease, Cold Spring Harbor Laboratory (1983) pi 05-1 10) 
employ the Southern transfer technique to resolve small restriction fragments hybridising to an alphai - 
antitrypsin oligonucleotide probe from higher molecular weight species of DNA which also hybridise to this 
probe. 

30 Oligonucleotide hybridisation analysis of complex genomes using gel electrophoresis requires the 
preparation of 'pure DNA (or RNA) molecules from the organisms, fragmentation of DNA molecules by 
treatment with restriction endonucleases and, in most cases, transfer of resolved DNA (or RNA) molecules 
from the gel to a solid support for hybridisation. The complexity of this procedure makes it unsuitable for 
routine diagnostic use and difficult to automate. 

35 Simpler methods for hybridisation analysis with specifically hybridising long polynucleotide probes are 
exemplified by J Brandsma and G Miller. Proc. Nat. Acad. Sci.(USA) Vol 77 (1980) p685 1-6855 for DNA and 
by T. Manser and M L Gefter Proc.Natl. Acad.Sci USA Vol 81 (1984) p2470-2474 for RNA and involve 
directly immobilising DNA or RNA from crude cellular lysates onto solid supports. Because of non-specific 
hybridisation, such direct immobilisation methods are not usually compatible with the use of oligonucleotide 

40 probes. 

In addition to the above problem of background non-specific hybridisation the present invention also 
relates inter alia to simplifying the detection of translocations which hitherto have only been detectable by 
gel methods. 

The present invention is thus based, at least in part, on the discovery of a method for discriminating 
between alternative nucleotide sequences whilst ameliorating the above-mentioned problems. The method 
of the present invention is thus of interest in inter alia simplifying the detection of translocations and 
enabling a mutation in a given base sequence to be readily detected by for example allowing meaningful 
analysis of directly immobilised DNA or RNA samples or alternatively DNA or RNA samples in solution. In 
this connection it is known that the shorter the nucleotide probe the poorer is the selectivity of hybridisation 
and thus correspondingly the greater is the background. Moreover the shorter the nucleotide probe the 
weaker is the stability of the duplex formed as measured by its melting temperature (Tm) which is the 
temperature of the midpoint of thermal transition. The present invention is based at least in part, on the 
discovery that the different hybridisation properties of a short nucleotide probe relative to a comparitiveiy 
longer nucleotide probe may be exploited to advantage in discriminating between alternative nucleotide 
seouences, whilst ameliorating the above-mentioned oroblems. 
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The present invention is further based on the discovers nf a m«t*^ k . 

hybridisation analysis thus providing a robust tec ?r2^ to^ n T^ W ^' 1,y SimpN, ' eS ,he 
sequences. lecnn.que tor discriminating between alternative nucleotide 

01 on. o. said probaa. which „rmi„al end is comiguou* «* tTZr o fhTj^ " ™J* " ™ *' m ™' e " a 
^nt^~ from a target 

denaturing or wher^ne^ -ans ,or example Active 

member of the binding pair. Appropriate^ es o7 bTnd" ^.s atL^VT^ ^ °' ° ther 
appreciated that one might identify either a comoipmlntir! discussed hereinafter. It will be 

» »°?-ceof adectec^^ by 
It will be appreciated that hitherto discriminatory soecfficL h^ K! . P ^ mventi ° n - 
of the temperature of hybridisation and wash^o of Zu^« , * aCh ' eved ° y Careful mani P"'at-on 

probes are designed to hybridise to Te in* ".scnminatory probes. In the present invention the 

a gap, preferably a sinX2^ ™ch. there be.ng 

?s to contiguous sequences in the taroet seouanTpn 1! ^ P °° eS may be desi 9"ed to hybridise 

of one of the probes which t S STSnSSTS T"* 31 ^ end 

invention is that specificity is main.y the riuTSTl^S ^ ^ ^ ^ ° f *• Pr6Sent 
Probes and the means of linking the afores" IZe i^rtZTZoZ T^T* 
invention enables a method of discrimination to h« J£1h • e * ample T4 DNA ''Qase. Thus the present 

" ONA .igase is expected to tXT^£^£25> TZXfT * ** ^ 74 
contiguous probes to be joined are nnt mmniol . r ^idue(s) at either the 3' or the 5' site of the 
Sim^v where a 9 ap.t£^ TJT 
.nvention enables a method of discrimination to be effect I i ? ° PrOD6S the present 

example the Klenow fragment of DNA polvmerL . * Sfl ? ,ncor P° rat ' on * nucleotides with for 

« and allow linkage, with foTexam^ DnH^L f I ^ ° NA al P"a to fill in the gap 

nucleotide triphosphate «« where the deoxy 

to the base residue under examination Polymerase react-on mixture is not complementary 

> example the need to rely on us o7a no T ^ matiVe nUC ' e ° tide Sequences ' ™« ** 

specific time may be oLated *us ZerT^ tT^T ^ 8 niTOW Xem *™™ ™» and for a 
narrow marains « ^ITl^r" 8 ™ GITT,Cu,t,es inhererrt in ■»* technique which relies on 

•*« ^i:^:".^ ,enoers * possit " 9 *■ ■ »— 

rasulsag from ft. SScTS hybrtd lormaZ 1Z ^ " ,ai "" 9 de,ect a 0e,eMat " e si 9™'- 
hybhd formed. wh, re , t^ ^c. ^TcXi "" !ma,C " °' ^ Ml6C8ve «0"»n of an, 

d^aaable dapendins on ,mood,me ra o, fhe £Z T*Z£T ™ V °' may "°' " e 

- ^Tc^^T.'^sssr: t rr me > ro - 

such may be present, provided that tfil ^TJ? I a "o^adioactve stalling complex, although 

failing. ,t is Sm posslole to dis m, a » ?^^2? Uent,y ° 6 ,reated ,0 render il 

as one base pair. sequences in a complex genome differing by as little 
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Where a split probe hybrid would be formed following hybridisation, with a complementary target base 
sequence, any hybrid obtained is subjected to a linking reaction for linking the detectable first nucleotide 
probe to the second nucleotide probe, any hybrid obtained being subjected to appropriate treatment 
whereby any hybrid present, in which linkage of the detectable first nucleotide probe to second nucleotide 
probe has not been effected, is denatured whereas no denaturation is effected for a perfectly complemen- 
tary detectable linked oligonucleotide-target sequence hybrid. Where a probe is designed to hybridise to a 
portion of the target sequence which contains a suspected mismatch, the probe will generally be an 
oligonucleotide (as hereinafter defined). Appropriate treatment may for example include selective denatur- 
ation or one of the probes may comprise one member of a binding pair. Linkage of adjacent stable hybrids 
of first and second nucleotide probes results in greater hybrid thermal ^stability for the detectable 
oligonucleotide hybridised to a specific target sequence as opposed to detectable oligonucleotides hybridis- 
ed to non specific target sequences with no adjacent oligonucleotide probe present. 

The expression "oligonucleotide" as used herein means a nucleotide sequence which is either 
incapable of forming a hybrid with a target sequence containing as little as a single base pair mismatch or 
?5 is capable of forming such a hybrid, such a hybrid however being destabilised by the presence of as little 
as a single base pair mismatch such that it may be selectively denatured under conditions which would not 
denature a corresponding perfectly complementary hybrid. 

It will be appreciated that the potential variant sequence may be present in the segment of the target 
sequence to which the detectable first nucleotide probe hybridises, it may be present in the segment of the 
20 target sequence to which the second nucleotide probe hybridises or it may be present between the said 
segments. The probes will be designed such that where the potential variant sequence is present in the 
segment of the target sequence to which either the detectable first nucleotide probe or the second 
nucleotide probe hybridises, then the potential variant sequence will be at the terminal end of one of said 
probes, which terminal end is contiguous with the other of the said probes. 
25 Thus for example where the potential variant sequence is present in the segment of the target 
sequence to which the second nucleotide probe hybridises, formation of a split probe hybrid, will result 
either in formation of a weak hybrid of the second probe across the mismatch or if the second probe is very 
short no hybridisation at all. Where a weak hybrid is formed selective denaturing will result in denaturing of 
the second probe hybrid. If the hybrid obtained is then subjected to linking, linkage can only take place 
30 where the second probe is hybridised to the target sequence and thus where no mismatch exists in the 
second probe: target sequence hybrid. If the hybrid obtained after linking is subjected to selective 
denaturing any hybrid present in which the first probe alone is hybridised to the target sequence without 
linkage to the second probe will denature thus leaving detectable probe hybridised only to the target 
sequence which does not contain a mismatch with the complementary sequence of the second probe. 
35 The first or second nucleotide probe may if desired have one member of a binding pair. Generally the 
one member of a binding pair will be carried by, or be part of. the second nucleotide probe. The other 
member of the binding pair may be in solution or on a support. Thus where appropriate, the second 
nucleotide probe linked to the detectable first nucleotide probe may be isolated on a support carrying the 
other member of the binding pair. Such a binding pair may for example be a protein-ligand or antigen- 
40 antibody interaction such as an avidin-biotin or dinitrophenyl-antidinitrophenyl antibody interaction. 

Indeed one member of the binding pair may be a nucleotide sequence, which sequence may be a 
portion of the probe sequence or may be a nucleotide sequence branch on the probe. The other member of 
the binding pair may for example be a protein which binds to the nucleotide sequence or another nucleotide 
sequence to which it hybridises. 
45 The hybridisation and/or selective denaturation is preferably effected at a temperature selected to give 
effective hybridisation selectivity, preferably maximum hybridisation selectivity for the specific length of the 
linked probe. Advantageously the hybridisation and/or selective denaturation is effected in aqueous solution 
at an elevated temperature suitable for selective hybridisation to a mammalian genome which for a split 
probe when linked is preferably above 60°C generally about 68°C. Alternatively hybridisation and/or 
so selective denaturation of such a split probe when linked may be effected at a lower temperature in the 
presence of an organic solvent which is effective to destabilize the hybrid, such as a solvent containing 
formamide. For example where about 50% formamide is used the hybridisation and/or selective denatur- 
ation is effected at about 42 °C. 

In a further embodiment of the present invention there is provided a method of hybridisation orobing 
55 which comprises subjecting adjacent segments of the Target base sequence to hybridisation with a 
detectable first nucleotide probe and with a second nucleotide probe such that a split probe hybrid would 
be formed with a complementary target sequence, where necessary subjecting the hybrid obtained to 
selective denaturing whereby to denature whichever of the first and second nucleotide probes is hybridised 
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to a portion of the target base sequence with one or more non-complementary nucleotides and subse- 
quently subjecting the hybrid obtained to a linking reaction whereby to link together the detectable first 
nucleotide probe to the second nucleotide probe and where necessary subjecting the hybrid obtained to 
selective denaturation whereby to discriminate between a target sequence complementary to the first and 
second nucleot.de probes and a target sequence with one or more nucleotides non-complementary to one 
of the first and second nucleotide probes. 

The hybridisation or selective denaturation may be effected for example at a temperature above the 
melting temperature of the split or single nucleotide probe hybrid but below the melting temperature of the 
k Probe hybrid or in the presence of an organic solvent effective to destabilise the hybrid as discussed 
above^Where hybridisation is effected under selective denaturing conditions a further selective denaturing 
step after the hybndisation but before linking may be avoided. 

The first and second nucleotide probes may be linked by any convenient means known per se such as 
for example by enzymatic ligation using, for example, a DNA ligase or by covalent/non-co7a.7nt linking 
using for example a biotin-avidin cross-link. 9 

The detectable first nucleotide probe and/or the second nucleotide probe may initially not be capable of 
being l.nked e.g. boated, together until the gap(s) between them is (are) filled with DNA polymerase in the 
presence of the target sequence of interest. 

th. HUH?!?-, ^"y.? 9 d6teCtable ,ifSt nUC ' e0tide Pr ° be 3nd S6C0nd nuc,eotide P robe is *> Increase 
tt)e thermal stability of the cross-linked probe hybrid obtained over the corresponding detectable probe 

hybnd alone. Thus for example the temperature of the linked probe hybrid may be increased to a 
T^ r Y, Z h K de " atures the ^responding split probe hybrids or a corresponding hybrid in which only 
one of the detectable first nucleotide probe and second nucleotide probes is hybridised to the target base 

V^" 3 , ^ hybrid WNCh indUd8S target base sequence is thus left 

intact. The method of the present invention thus enables one to discriminate a base sequence which is 
perfectly complementary to the detectable probe sequence from alternative sequences 

It will be appreciated that while the above embodiment of the invention is most useful for directino 
oligonucleotides to specific hybridisation sites in complex genomes in order for example, to analyse for the 
presence of point mutations it is also of use for analysis of other variations in complex genomes such as 
translocations. For analysis of translocations, it is preferred that the non-detectable second polynucleotide of 
a spirt probe will have one member of a binding pair associated therewith and will hybridise to genomic 
sequences adjacent to potential translocation breakpoints. The detectable probe will preferably be several 
kilobases long and span a region of potential translocation breakpoints. Quantitative linkage of poly- 
nucleotides compnsmg the split probe following hybridisation will only occur where the genomic region is 
contiguoas and uninterrupted by translocations. The occurrence of a translocation will preclude a proportion 
r^lTT 6 P 1 r0b V r ° m linkino 10 016 "on-detectable polynucleotide. On subsequent denaturation of 
7222? Polynucleotide and application of the other member of the binding pair, a proportion of the 
detectable polynucleotide will not then be found to be associated with the polynucleotide complexed with 
hi?? 8r H member 0f me bindi "9 P* r - The biding pair will preferably comprise an antigen-antibody or a 

T raCt, ° n ! hereby> f ° r 6Xample - denatured h * brids are P assed trough a solid phase 
complexed with one member of the binding pair and the eluate analysed for the presence of the detectable 

a JSllV fUrth8r emb0diment of invention we P™** a method for the analysis of translocations in 
a target base sequence e.g. a complex genome in which the detectable first nucleotide probe is adapted to 

^«r,T! S w a re9i ° n ° f POtential trans,ocati °n(s) and the non-detectable second nucleotide probe is 
nu^fo Y !T t0 Sequences ad ' acent t0 «« PO^ntial translocation(s). the non-detectable second 

hvhnT k T ! arry,n9 °" e memb6r ° f 3 bindi " 9 pain me metnod comprising formation of a split probe 
hybnd which is subjected to linking to form a linked probe hybrid which hybrid is then denatured 

whe l^^Z^™^ ? 6 PreS * m inVenti ° n - mere iS Pr ° vided 3 metnod as ^reinbefore defined 
SET h h « detectable tirst nucleotide probe and second nucleotide probe carry a moiety such that 

seLn™ « ! k d8naturati0n where appropriate, a signal is only detectable if a nucleotide 

t^ZZ n T, Carri8S b0th thS m ° iety 3ttaCned t0 *• detect able first nucleotide probe and 

me moiety attached to the second nucleotide probe. 

The nucleotide probes may for example be oligonucleotide probes 
proJ£ u 2 e Ti °! thiS emb0d, c ment ,or exam P'e be effected using non-radioactive energy transfer 

dSSZTJT- r amP ^ 3,em Publication No " 7 0685 of Standard Oil Co.) or enzyme 

enSm Bnt qU6S .i See ,0f 6Xamp,e Eur ° Pean Pa,ent Publ ™<™ N °- 95087 of Syva Co.). Thus this 
embedment may provide a homogenous assay for a specific target nucleotide sequence 
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In another embodiment of the invention there is provided a methnH * nr h;^..™ 
alternative nuc,eo*ae seances in wh,ch a target sequel ^SS^^Z 
two ol.gonucleot.de probes such that wnere a complementary target sequence is lreTST ,Tn T 

dT:ii ob T^ • the deteaab,e first nucieotide probe bei ^ ■ i^s c 5: .e^Hr .ri^ : 

S£?h^ S6C0nd nUC ' e0ti<3e Pr ° be 66109 the 0tner ,e ™*' oligonucleotide probe whr ha 
anached thereto one member of a bind.ng pair, indivioual other oligonucleotide probe(s) be.no 

co„u«„ 9 se,^, Aajac J, y hyMricl ^ * St^iiS^ 

appropnate treatment in order to effectively join the sionallinn a „rt ^ together by 

oligonucleotides in the mixture and then ana.ysed for the presence of LZ££ £ST 

Thus the assocation of the binding oligonucleotide with the signalling oligonucleotide is dependent on 
tte presence, upon linking of adjacently hybridised oligonucleotides of all ad.acem olioonuc^tid^ 
between the hybridised signalling oligonucleotide and the binding oligonucleotide SStaSS: 
separafcon of the linked probe with an associated binding moiety may be avidi , anc i bfotf o ^ ^antioen Ind 
assoaated specific antibody. This embodiment provides for analysis of tonoTiiS^^^SlS 

"TSZTZZS* f acent hybridisin9 linked or sp,it probes - 

aro £ »T embodimef « <* the present invention comprises hybridising the detectable first nucleotide 

wmsmmm 

nucieot.de probe to the second nucleot.de probe has not been effected, is denatured 

thvmT dna P ° ymeraS8 USed ma * for exam P'e ^ the Klenow fragment of DNA polymerase I or calf 
SoL? P0,ym6raSe 3,pha - Uaation is P fefe ^.y effected with DNA iigase. ST(ScU? S 

for o odudnr, !nTo ? ? 9na " m9 part 0< the attached residue incorporates a sysi^rT 

5 a e ph p atase ^ol^T * ^ ^ P ^" ed systems Sve 

enzyme systemfare ho theml. "I" 9a,ac,osidase ' iuci,er **e, or horseradish peroxidase. Such 

prSZe oT^ ^lon^ T^T CaP3ble °' Si9na " in9 - bUt are CapaPle 0f P roduci "9 a ^ in the 
SotISSl^-J^5? aCCOrdinQ ,0 meth0dS known Der se - The ^naSing par of tne 

SSrr ^^SoS l ° - - -amp, by 
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- > In use it will generally be necessary for the nucleic acid probe to detect minute amounts of th« , ,, 
" wZ r^ be 0,i r UC,eOtid ! S6qUenCe - SUCh -cumstances it wi.l be adva^ageous to 

TZ 7 me9 " S ° f amP ' ,fyin9 the si 9 nal - The amplification can be earned out bv Z 

rJ^^v^t&TJ^ZT" aescrltea in ----- 

. Accord.ng to a further feature of the present invention there are provided split probe hvbrids whirh 

^.asmi^^ ' rePr8SemS the ° NA Sequence of huma " '"terferon alpha, 

.n me piasrmd piFSnoi as set out .n Edge et al, Nucleic Acids Research Vol 11 (1983) d6419 to J^i 

Raure a ic an 1 J analogue base sequence is herein designateo as pK9 

o^s^z^s^ ,ane M , shows a si9nai corres p ° ndin9 1 ° * 32 'on 9 

deled fror o ,igo^c, o^ t0 3 32 b8Se ^ 

at sr 2 to 5 r <° ^ ~.w^ BHpon,,d 

tro 4 5 32o CRN "J^T^T °' a ' iqU ° tS 0< ' iQase reacti °" containing 5 Oh ' p 3 5' OH 

5pe 4 ^ t C h ~ t e a P uto C rogXr 0 ^ temperatures oMncubat- n 

bromophenol blue marker dye. V ° COntr °'- BPB md,cates the position of ,he 
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Figure 6 snows an autoradiograph of aliquots of ligase reaction mixtures containing 5' OH tro 3 5" OH 
TO 4. 5- *p CRN1 and S *p CRN4C carried out between 0 and 40«C. these temperatures o77ncubat,on 
appeanng at the top of the autoradiograph. O-is a no enzyme control. BPB indicates the position of tne 
bromophenol blue marker dye. 
s Figure 7 shows an autoradiograph of aliquots of ligase reaction mixtures containing 5' OH tro 3 5" OH 
TO 4. 5- 3< p CRM and 5' * p CRN6C carried out between 0 and 40«C. these temperatures o77ncubat,on 
appearing at the top of the autoradiograph. O-is a no enzyme control. BPB indicates the position of the 
bromophenol blue marker dye. 

The invention is illustrated, but not limited, by the following Examples. In the Examp.es. unless 
io otherwise stated, the solutions are aqueous and the % values are w/v. 
The constitution of various reagents is as follows:- 
SSC is 0.1 5M NaCI + 0.01 5M sodium citrate; 

Kinase buffer is 0.066M Tris.HCI pH 7.6. ImM spermidine. 0.01 M MgCI 2 . 15mM dithiothreitol and 0 2 mg/ml 
bovine serum albumia (BSA); y 
rs 10 x CORE BUFFER is 500 mM Tris HCI pH8. 1 00 mM MgClj. 500 mM NaCI- 

(Pe^ Ck frSon% n ; bUffer iS ' °' 5 M TriS ' HC ' ^ ^ °" 1 M M9S ° 4 ' 1mM dithiothreit °' 500 ug/m. BSA 
Triton-X-100 is a polyoxyethylene ether surface active compound; 

,„ 3 'IT*' 0 ??. SynthetiC ^V™' 0i SUCr0Se having a mole cular weight of approximately 400.000 in 

20 dialysed and lyophilised form; 1 - 

Nonidet P-40 is an octyl phenol ethylene oxide condensate containing an average of 9 moles ethylene 
oxide per molecule; 

Denhardt's reagent is 02 gA Ficoi 400,000. 0.2 g* polyvinyl pyrrolidone (PVP) and 0.2 g/l bovine albumin 

PBS - (phosphate buffered saline) is 0.01 M sodium phosphate pH 7.4 and 0.1 3M NaCI; 
SSPE is 10 mM sodium phosphate pH7, 0.1 8M NaCI and 1 mM EDTA; 

The following contractions are used;- # 
DNA deoxyribonucleic acid 
tRNA transfer ribonucleic acid 
30 EDTA ethylenediaminetetraacetic acid 
PBS phosphate buffered saiine 
SDS sodium dodecyl sulphate 
2 x SSC double concentration SSC 
6 x SSC six times concentration of SSC 
35 20 x SSC twenty times concentration of SSC 
BSA bovine serum albumin 
BA bovine albumin 
PVP polyvinyl pyrrolidone 
Tris tris(hydroxymethyl)aminomethane 
to 10 x Core buffer ten times the concentration of CORE BUFFER 
ATP adenosine triphosphate 
NP40 Nonidet P.40 

10 x nick translation buffer ten times the concentration of nick translation buffer 
The following are trade marks 
<5 Minifold 
Triton-X-100 
CORE BUFFER 
Ficoll 
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EXAMPLE 1 



rJS T to. ii ana,ysis were plFS1101 (Edoe et al - Nu=leic Acids 

codon L L ( P 6 35) 3nd 3 derivative thereof ^signated herein as P K9 in which the 

for serinf L h S. [ TZ " PreS6nl 31 add POSition 28 in P ,ace ° f » he «*» TCC which codes 

TiTum ci^ L JZf h ? TnS HCl PH7 4 3nd 100 Ul 20 x SSC < SSC is 015M N «CI. 0.015M 
sodmm atrate). Samples were heated to 100-C for i 0 minutes, then placed on ice and 70 ul 1M Tris HC! 
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Schue7Kee d nf ' STZS ^ °c * ^ ° nt ° BA 85 nitroce,,ul ^ ™ers (Schleicher and 
5>chuell Keene. N.H.. USA) us.ng a Schleicher and Schuell Minifold II apparatus accordino ,« , h . 
rnanofacturer-s instructions. The nrtrocel.u.ose paper was cut to fit the MinifolS apparatu ^ and wetted b! 
loatrng on 2 x SSC before mount,ng in the apparatus. DNA samples were then applied o the we"s and 

nd Li « T, L 0 r aP , Pr0X J mate,y 0 5 m ' P6r minUte - The ™rocel>u.ose was then air dried for , Z nuTes 
and baked at 80'C for 2 hours jn vacuo. The oligonucleotides it and 13 (Edge et a. see abo e 
correspond^ to the sequence of the synthetic interferon alpha, gene in p.FSnOl were used o 
hybnd.sat.on. Ol.gonucleotides 11 and 1 3 have the following DNA sequences- 
Oligonucleotide 1 1 5' CGTATCTCCCTGTTC 3' 
Oligonucleotide 13 5' TCCTGTCTGAAAGAC 3' 

Z^TZT^TatV !T ed "'"I S 35 ,0 " 0WS: ,0 400 " 9 ° f oli 9° nu "°°tide in 18.5 u. H,0 was added 
3™ CiZTT T^T 5 ™ T *» 0S *™»- triethyiammonium salt in aqueous solution, approx 
l^G , An T whm '^national). 4.5 ul 10 x kinase buffer (10 x buffer = 0.66M Tris HCI 

NuLic S IT™ ,din r e ' 150nM ^thiomreito. and 2 mg/m. bovine serum albumin (BSA 

SSZZ £lh ^ m M° ^ B6theSda ReS8arCh «■*«*<*•»» and 2 u. T4 polynucleotide kinase (5 

S 1 p?23J ™ h TK ) - T r 1 hOUf 3t 37 * C - h3,f ° f the was app,ied " a 4 ml col f 

221 J ? P re ^"'"brated w,th 10mM Tris.HCI pH8. ImMEDTA). The *p labelled nucleotide was 

SSL?? < V ?r 6 ° f 6,Uti0n DUffer eon * riiin 8 10mM Tris ' HC ' PH8. ImM EDTA 10 ng of i 
rSJUSZ n "f r U$ed ,0f hybridisatio " "°*her with 100 ng unlabeled oligonucleotide 

i^T^TTr^T^ P,FS1101 ° f PK9 DNA ^ imm ° bi,iSed -re prehybndised t 2 
F^l v ,n , 5 * Dennardt s rea gent d 9/1 Rcoll. 1 g/l polyvinylpyrrolidone. 1 g/l BA (bovine albumin 

s^e (S^an^or^' 5 " ^ ^ Ph ° SPhate pH7 ' 1% ^ ^ 0.1% sodium dode^ i 

sulphate (SDS) and 100 ug son.cated denatured herring sperm DNA (Sigma) Hybridisations were rJ 
formed ,n 2 mis of 5 x SSC. 0.5% NP40 (BDH) and 250 ug/ml tRNA (S.grna type X-S) wi T 00 n To ei^er" 

SSSSSr 11 "2 ^ 3dded ,09ether ° r ' 33 3 COntr01 ' 100 "9 ° f o'^-c.eotide 13 add^ alone 
k^! Perf ° rmed ° Vemi9ht 31 r °° m tem P^ture. Filters were then washed in 6 x SSC 0 06% 
sod.um pyrophosphate and 20mM sodium phosphate buffer. P H7 for 5 minutes at room temperature and 

SLHT^rV^ bUffefl f ° r 3 fUrthBr 3 minut6S at r ° 0m temperature. Filters were ZnZZ S," 
TZT^Toh^: (PBS: ° ° 1M SOdiUm Ph0SPh3te PH7 4 - 013M NaCI > 2% BA and 0 T% 

tie Tri£n S f m, r 9S 3t 16 ° C - RlterS W6re th6n rinS6d 5 times with PBS — 2% BA to remove 
SmMoCI | ^ T 88 7 k,n9 ° f hybridiS6d Pr0beS " fiherS -" *"»*■ Tris.HCI pH7 6 

fnlr^fn , d ? 0tf,re,, ° 1 ' 1mM ATP - 500 «9/ml BSA and 0.3 U/u( T4 DNA ligase (Boehringer 5U/uO 
incubation was for 80 minutes at 16-C. Filters were then washed at 60-C for 20 m.nutes in 6 x SSC 0 Off ' 

T^TTT 2 ° mM SOdium Ph ° Sphate PH? - ^ fi,te - ™* thJ .wrapped " Sara^ ^Lp and 
^'ographic fi«m for 2 days. F.gure 1 shows that after the fina, wash at 60-C an 

XoTu^^u^::^ W3S ° bSefVed ° n,y ,0r ^ plasmid P' F SH01 (0 where hybndised 
' ^ 2 had ^ cross linke ^ ^ ligation. A background signal corresponding to 
bTkomu^ fi^T T ed aft6r h y bridisation and cross linking of oligonucleotides 11 and 13. This 

fmm Zl 9 . k r ! presented about 1% of tne corresponding signal obtained for P IFS1101 and resulted 
l^l^ZSTTZ 01 ° ,i9 ° nuC,eotide 13 ^ W -batches with the cor espondng 

ST I S P h , f adjaC6nt hybri<3iSed oli 9° nuc ' e ° ti *> were shown by this example to 

o^ib^f thf? f ? 9 °" 00 nitroce,,u,ose «'ters. Moreover, with the experimental conditions 
SST 6 C0U ' d r6dUCed ,0 5 minUt6S With ° Ut ,0SS ° f ^radiographic s gna 



EXAMPLE 2 



and SoTei T o iS0 ' ated <r ° m the '^P^b'astoid .ine Daudi using the method of Blin 

H* STJ ° dS ReSearCh ' VO ' 3 (1976) P2303 >- 200 "9 of Daudi DNA was diluted into 320 , 

(50 u^Jul 1^ I '"p. ? U ' °, f ^ X C ° RE BUFFER (B6thesda Research ^oratories) and 40 ul EcoR 
fhourf 1 09,Ca, !• Cram,in9ton ' Northumberland. UK,. Fodowing an incubation at 37-C for 

chlo^ ^ f ,, T 6XtraCted ^ eQUal V °' Ume ° f Pneno./ch.oroform (1:1). then with 1 volume of 
tSl 1 " t,meS ^ 1 V0 ' Ume ° f H? ° Saturated elher - The DNA ^s adjusted to 0 3M 

7V *JZ T \^ pr ^ ,pitated with 2 v0,umes of •» cold ethanol. The DNA pellet was washed in coW 
70 /. ethanol and the pellet, dried and redissolved in 100 ul HK). 
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3 ug of the plasmids pIFSllOl and pK9 (see Example 1) were dissolved in 17 ul HzO and to this was 
added 2 ul 10 x CORE BUFFER and 1 ul EcoRl (see above). The mixture was incubated for 3 hours at 
37*C and was followed by solvent extractions and EtOH precipitations as for the Daudi DNA above. The 
dried pellets were redissolved in 10 ul HjO. 

5 10 ug of EcoRl digested Daudi DNA was mixed with 1 ng aiiquots of either pIFSllOl or pK9 and 

subjected to gel electrophoresis on a 0.5% horizontal agarose gel as described in Maniatias et al (Molecular 
Cloning, A Laboratory Manual: Cold Spring Harbor Laboratory, 1982). Following electrophoresis. DNA was 
either transferred onto nitrocellulose filters by the Southern transfer procedure (Maniatis et al) for subse- 
quent hybridisation or, alternatively, DNA was probed directly within dried agarose gels prepared as 

io described by Studencki and Wallace (DNA. volume 3, p7 to 15 (1984)^ For DNA transferred onto 
nitrocellulose filters hybridisation was as described in Example 1 except that the hybridisation temperature 
was 32 # C using 100 ng oligonucleotide 11 and 100 ng 32 p labelled oligonucleotide 13 as probes. The filters 
were washed for 30 minutes at room temperature in 5 x SSC, 0.06% sodium pyrophosphate and 20m M 
sodium phosphate pH7 and then ar 40°C. for 15 minutes to remove most of the 32 p labelled oligonucleotide 

75 associated with the pK9 plasmid DNA. The filters were then exposed at -70°C to Kodak X-Omat AR Film 
using intensifying screens. After this 40 *C wash, a background signal derived from hybridisation to Daudi 
cell DNA was still evident as shown in Figure 2. 

Dried agarose gels were hybridised directly with 100 ng of both oligonucleotides 11 and ^p labelled 13 
in 50 mM sodium phosphate pH7, 0.9 M NaCI. 5 mM EDTA, 0.3% SDS and 10 ug/ml E.coli DNA at 32 °C 

20 overnight The dried gels were subsequently washed in 2 x SSPE (SSPE is lOmM sodium phosphate pH7, 
0.18M NaCI, 1mM EDTA) and 0.1% SDS at room temperature for 30 minutes and then at 40°C for 15 
minutes in the same washing buffer. The result was similar to that observed on nitrocellulose filters (Figure 
2). In order to remove background due to hybridisation to Daudi cell DNA, oligonucleotides 11 and 13 
hybridise to DNA immobilised either in nitrocellulose or dried gels were cross-linked by ligation, as 

2S described in Example 1. and finally washed at 60°C for 15 minutes as above. This resulted in a single band 
corresponding to 1 ng of plasmid pIFSllOl with little observable background and with no signal evident 
corresponding to pK9 DNA as shown in Figure 3 for DNA immobilised on nitrocellulose. 



30 EXAMPLE 3 

The plasmid DNA used for analysis was pIFSllOl (Edge et al., Nucleic Acids Research, vol. 11 (1983) 
P6419 to 6435). 2 ug of pIFSllOl plasmid DNA was digested with EcoRl (20 units, Bethesda Research 
Laboratories) in a reaction volume of 20 ul for 2 hours using conditions recommended by the enzyme 
supplier. The reaction mixture was extracted once with phenol: chloroform (1:1) and once with chloroform 
before adding 2 ul 3M sodium acetate pH 5.2 and 45 ul ethanol. The DNA was precipitated at -20 °C 
overnight, washed in 70% EtOH and dried prior to resuspension in 30 ul H2O. 

The oligonucleotides used for analysis were designated 11(-1) and 13 where oligonucleotide 13 was 
used to construct at the synthetic interferon alphas gene in pIFSllOl and oligonucleotide 11(-1) is a 
derivative of oligonucleotide 1 1 used for gene construction with a sequence shifted 5' by 1 base. Thus the 
sequences of the oligonucleotides were as follows:- 
Oligonucleotide 11(-1) 5'CCGTATCTCCCTGTT3' 
Oligonucleotide 13 5TCCTGTCTGAAAGAC3' 

Oligonucleotide 13 was 5' end labelled with &p using polynucleotide kinase as described for synthetic 
linkers (forward reaction) in Molecular Cloning, a Laboratory Manual (Editors: Maniatis. Fritsch and 
Janbrook, Cold Spring Harbor). The kinase reaction was stopped by heating to 70° C for 10 minutes 
followed by 2 successive phenol extractions. The solution was then extracted with ether and excess ether 
was blown off. 

4 ul aiiquots of EcoRl digested pIFSllOl DNA were added to 50 ul aiiquots of a solution of 10 x SSC, 
1% NP40 and 0.5 ug/ml tRNA. 1 pmole aiiquots of **p labelled oligonucleotide 13 either with or without 1 
pmole of oligonucleotide 11(-1) was added and the solutions diluted to 100 ul with water. The solutions 
were heated to 100°C for 5 minutes and then placed in a water bath at 39°C for 2 hours in order for the 
oligonucleotides to hybridise to the target pIFSl 101 DNA. 

DNA samples were dissolved in 10 ul H?0 to which was added 1 ul of either 2nM dCTP or LnM dGTP 
(PL Biochemicals). Then 2.5 ul of 10 x nick translation buffer (see Molecular Cloning, a Laboratory Manual 
referred to above). 10 x buffer is 0.5 M Tris.HCI (pH 7.2). 0.1M MgSO* lmM dithiothreitol and 500 ug/ml 
BSA (Pentax. fraction V) was added and the solutions were diluted with water to 25ul. 2 Units of the Klenow 
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fragment of DNA polymerase I (Boehringer) was added and the solutions incubated at room temperature for 
30 minutes. 1.5 miff x nick translation buffer was added together with 4 ul 10 mM ATP and 7.5 ul HzO. 2 
units of T4 DNA ligase (Bethesda Research Laboratories) were added and the solutions were incubated at 
14°C for 4 hours. 

2 ul of reaction mixtures were analysed on an 8% native polyacrylamide gel. Prior to loading, samples 
were heated to 100°C for 5 minutes and rapidly cooled on ice before adding 1 ul of gel loading buffer 
(0.25% bromophenol blue, 0.25% xylene cyanol and 15% Ficoll type 400). Figure 4 shows the results of 
this gel analysis. An autoradiographic signal corresponding to a 32 base long oligonucleotide marker band 
(lane M) was observed only in lane 1 where the polymerase reaction had included dCTP prior to ligase 
treatment. Other samples included polymerase treatment with dCTP present but without ligase treatment 
(lane 2) or without oligonucleotide 11(-1) (lane 5). Inclusion of dGTP in place of dCTP in the polymerase 
step either with ligase treatment (lane 3) or without ligase treatment (lane 4) did not result in an 
autoradiographic signal in the 32 base position. 

These results indicate that production of the 32 base long ligation product derived from oligonucleotide 
11(-1) and 13 requires inclusion of the correct deoxynucleotide triphosphate (dCTP) for filling in the single 
base pair gap opposite a G residue between the individually hybridised oligonucleotides. Inclusion of the 
incorrect nucleotide (e.g. dGTP) or, by inference, susbtitution of the G residue in the gap by an alternative 
residue, precludes the formation of the 32 base long ligation product. Thus this constitutes a diagnostic test 
for the presence or absence of a specific nucleotide in a target DNA sequence. 



EXAMPLE 4 

In a further exemplification of the invention a systematic study was performed on the effect of 
mismatches on ligation with T4 DNA ligase over a range of temperatures. Every possible mismatch 
possibility within one strand of a seven base-pair overlap was examined (Table- 1). Ligation of mismatched 
oligonucleotides was assayed in competition experiments in the presence of equimolar quantities of the 
non-mismatched oligonucleotide CRN 1. The sequences correspond to the -35 region of the E. coli tro 
promoter Windass. J D et al Nucleic Acids Research 10, 6639-6657 (1982)). All oligonucleotides"^ thil 
study were characterised by DNA sequencing (Maxam A M and Gilbert W., Proc. Natl. Acad. Sci. USA 74, 
560-564 (1977)). Ligation products were quantified after separation by polyacrylamide gel electrophoresis 
by Cerenkov counting of radioactivity in putative product bands. In all cases where a mismatched 
oligonucleotide was ligated in the presence of the fully complementary oligonucleotide CRN 1 the yields of 
mismatched ligated product were minimal until the mismatched base was separated from the ligation point 
by 6 base pairs and until the temperature of the ligation reaction in these cases was less then 35 °C. 
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Table 1 

TGTTGACTGCCCCT 3' CRN 2 
trp 3 TGTTGACTGCC 3' CRNl 

5' ATTCTGAAATGAGC 

TTTACTCGACAACTG 5' 



trp L 



CRN 2 


TG 


TT 


GA 


C 


TG 


CC CG 


T 


CRN 6 A 








T 








CRN6B 








A 








CRN6C 








G 








CRN5A 


TG 


TT 


GT 


C 


TG 


CC CG 


T 


CRN5B 






GC 










CRN5C 






GG 










CRK5D 






TA 










CRN5E 






CA 










CRN5P 






AA 










CRNAA 


TG 


TC 


GA 


C 


TG 


CC CG 


T 


CRN4B 




TA 












CRK4C 




TG 












CRN4D 




CT 












CRKAE 




AT 












CRN4F 




GT 












CRN3A 


TT 


TT 


GA 


C 


TG 


CC CG 


T 


CRN3B 


TC 














CRK3C 


TA 














CRN3D 


CG 














CRN3E 


AG 














CRN3F 


GG 















The region bearing the mismatch is the -35 region of the synthetic E. Coli trp promoter, in competition 
with CRN 1 for annealing to the 5' overlap from trp 4 are CRN2 (control) of CRN3A to 6C. These 
oligonucleotides cover all possible single base pair mismatches with the tro 4 5" overlap. 
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with hydroxylamine hydrochloride P cytoane specific cleavage 

- whb <PH 9.0,. ,0 mM m 9 c. 20 p mM 's, \tsrzz5£ rr^rsss* 

EDT?^rbZ S „rT iPl rK 1 Were c either reSUS P ended or dil ^ with 80% formamide. 10 mM NaOH i mM 

. o^ ^ r T:z7^ r tured at ioo * c ,or 2 minutes ^ 

500 u,. exacted "oS^ °< a ~te.y 

(500 ul). Aqueous phases were extracted with ether 7a * 1 1n 1^ P ] 6X,raCted with water] 
approximately 20 ul. dried in vacuo and V 1 ?l' = concentrated bv butanol extraction to 

^suspending the DNA in oT^SS- Prec.p,tated. Ethanol precipitation was accomplished by 

■ a.), ogling at Trj^ m^nuTes'Tr SSTlSS ^ ^ T additi ° n "* mixi " 9 ° f ethano1 < 80 ° 
microcentrifuge. The p. J wTre dhl n 9 * by Centr,,u 9 in 9 ^ minutes in an Eppendorf 

r . 9 ' 8 P 6 " 618 were dr,ed !H vacuo , resespended in water (500 ul) 

«ne mT^Ioo" " '™ qUe SL40 °° S ^i"ation Counter with on 

placed in 20ul standard nT^, EleCt ; 09,uates were transferred to siliconised 750ml microcentrifuge tubes 
. ^^^I^^^T^ V ' a,S (PaCkard) - Samp,eS " ere a »-ed to da* adapt for to'minute 
Bands from gelT we ^ excileT o'aced" Tl ' ^ SCinti " ati ° n specfr °™*' to count for tritium, 
determined J desc rite for J , ^ ^ ° 0mXing via,S and Cerenkov ™**°n was 

,n ge. bands relative to the 



50 



«. -com o, ^.ea -^nue^^^^^STJ 

Mismatch competition reactions 



C-^e^^^^^Tr.l^ Mm -»~**» or CRN* 

Mole), In molar concTntrations total oi gonuc.eo'de was 45 5 nM trTi ° mpe ^ Q k °' IQOnuc,eotid8 <™P 
competitor were all 124. 5 nM. " — was 83 nM ' HH 3 - CRN 1 and 
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TO 



T5 



20 



25 



Mole) Ind CRNlT 5 »Kt ? 9 ? 0t ' de 3 Competition mi *' "« PW* comprising com D etitor (75p 
wua oortions B^o,' ? aque0us so,ution < 390 ™e competition mixes were d,v,ded into 10 
equal port.ons. Both ol.gonucleot.des were 5-phosphorylated with *p -ATP and polynucieotide kin 11 thI 

Zr.£2 S o'k ^ P °' yaCr " amide 9 el electrophoresis. e.e«roe.ution and etha ol p^c Son as 
descnbed above. Other reaction components were combined in a "trp mix" which contained t r I r f 
Mole), trp 4 (5.0p Mole) and 10X DNA ligase buffer (6 ul) per 20 ul conta.ned trp 3 (,. 5 p 

alJotoiTo mrr200^tT iCh f C °T titiOn 8tUdiad ' 006 ^ °< each c ° m P**°" mix and an 
tarn^T* 00 T ere r6mOVed ,r ° m the aqu60US Phases of the actions performed across the 

o^^T 15 °' C "° en2y ™ c0 ™ r< " we,e ,xds,a «* Cw8nl «»' ~"™ed 10 determine me actual 
proportion of competing oligonucleotide relative to CRN1. The product band from CBNi .Z ^, 

pe^edat f 30-^ consistently reduced by approximately 50% when ligation was 

perTormed at 30 C and further reduced after incubation at 35 °C. 
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filsutch total 2 Hismatch 

Oligonucleotide Ki 8 „tch product cp« product cp. product 



Z5 



CRN 2 



NONE 



547 



1214 



45.1 



20 



CRN 3A 



T 

ACAACTG 



1246 



0.6 



2S 



30 



35 



CRN 3B 



CRN 3C 



CRN 3D 



CRN 3E 



C 

ACAACTG 
A 

ACAACTG 
C 

ACAACTG 
A 

ACAACTG 



36 



19 



1196 



1206 



1329 



1232 



0.5 



2.9 



1.4 



0.6 



40 



CRN 3P 



G 

ACAACTG 



10 



1086 



0.9 



45 



CRN 4A 



C 

ACAACTG 



12 



963 



1.2 



so 



CRN 4B 



A 

ACAACTG 



12 



1174 



1.0 



ss 



/continued. 
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Hi8match total Z Mismatch 

Oligonucleotide Mismatch product cp« product cpa product 



G 

CRN AC ACAACTG 15 1183 1.3 
C 

CRN 4D ACAACTG 13 1303 0.1 
A 

CRN 4E ACAACTG 24 1281 1.9 
G 

CRN 4F ACAACTG 8 1208 0.7 

T 

CRN 5A ACAACTG 67 1136 5.9 

C 

CRN 5B ACAACTG 27 1328 2.0 

G 

CRN 5C ACAACTG 22 1070 2.1 

T 

CRN 5D ACAACTG 11 1201 0.9 

C 

CRN 5E ACAACTG 11 1281 0.9 

/continued. . , 
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Mismatch total Z mismatch 

Oligonucleotide Mismatch product cpm product cpm product 

A 

CRN 5F ACAACTG 23 1207 2.1 



T 

CRN 6A ACAACTG 498 1383 36.0 

A 

CRN 6B ACAACTG 421 1214 34.7 

G 

CRN 6C ACAACTG 418 1222 34.2 

The results suggest that detection of point mutations in DNA should be possible by performing assays 
in the presence of appropriate pairs of oligonucleotides one of which is complementary to the normal 
sequence and one of which is complementary to the mutated sequence followed by analysis of the ligation 
products. 



Claims 



1. A method for discriminating between alternative nucleotide sequences, which method comprises 
35 subjecting adjacent segments of a target base sequence to hybridisation with a detectable first nucleotide 
probe and with a second nucleotide probe, to form a hybrid, the nucleotide sequence of the first anrt 
second probe being such that where they form a split probe hybrid with a complementary target sequence 
they may subsequently be linked, subjecting any hybrid obtained to linkage, and detection of any hybrid 
obtained; 

^ the DNA sequence of the detectable first nucleotide probe and of the second nucleotide probe being such 
that a potential mismatch in the target sequence lies either between the said probes or at the terminal end 
of one of said probes which is contiguous with the other of the said probes; 

the method being effected such that a complementary target sequence is discriminated from a target 
\sequence with one or more non-complementary nucleotides. 
^ 2. A method as claimed in claim 1 wherein the detectable first nucleotide probe and second nucleotide 
probe are hybridised to each side of a potential variant sequence in a target sequence the said prober 
being subjected to a linkage reaction which comprises introducing a nucleotide(s) complementary to eithf>^ 
the normal or the suspected variant sequence and subjecting the nucleotide(s) to ligation; followed by 
detection of any hybrid obtained 
53 3. A method as claimed in claim 2 wherein detection is effected by subjecting any hybrid obtained to 
selective denaturing whereby any hybrid present, in which linkage of the detectable first nucleotide probe \fi 
the second nucleotide probe has not been effected, is denatured. 

4. A method as claimed in claim 2 or claim 3 wherein the introduction of the said nucleotide(s) 1- 
effected by the use of DNA polymerase. 
55 5. A method as claimed in any one of claims 2 to 4 wherein the detectable first nucleotide probe anC 
second nucleotide probe are such that they hybridise to the target sequence whereby to leave a gap of * 
single nucleotide between the said probes. 
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6. A method as claimed in claim 1 in which a split probe would be formed following hybridisation, with a 
complementary target base sequence, any hybrid obtained being subjected to a linking reaction for linking 
the detectable first nucleotide probe to the second nucleotide probe, and the hybrid thus obtained being 
subjected to appropriate treatment whereby any hybrid present, in which linkage of the detectable first 

s nucleotide probe to second nucleotide probe has not been effected, is denatured whereas no denaturation 
is effected for a perfectly complementary detectable linked oligonucleotide-target sequence hybrid. 

7. A method as claimed in claim 1 wherein, adjacent segments of the target base sequence are 
subjected to hybridisation with a detectable first nucleotide probe and with a second nucleotide probe such 
that a split probe hybrid would be formed with a complementary target sequence, the hybrid obtained 

70 where necessary being subjected to selective denaturing whereby to denature whichever of the first and 
second nucleotide probes is hybridised to a portion of the target base sequence with one or more non- 
complementary nucleotides the hybrid obtained subsequently being subjected to a linking reaction whereby 
to link together the detectable first nucleotide probe to the second nucleotide probe, and where necessary 
subjecting the hybrid obtained to selective denaturation, whereby to discriminate between a target 

T5 sequence complementary to the first and second nucleotide probes and a target sequence with one or 
more nucleotides non-complementary to one of the first and second nucleotide probes. 

8. A method as claimed in claim 1 for the analysis of translocations in a target base sequence wherein 
the detectable first nucleotide probe is adapted to hybridise across a region of potential transtocation(s) and 
the non-detectable second nucleotide probe is adapted to hybridise to sequences adjacent to said potential 

20 translocation(s), the non-detectable second nucleotide probe carrying one member of a binding pair, the 
method comprising formation of a split probe hybrid which is subjected to linking to form a linked probe 
hybrid which hybrid is then denatured. 

9. A method as claimed in claim 1 wherein each of the detectable first nucleotide probe and second 
nucleotide probe carry a moiety such that after hybrid formation, and denaturation where appropriate, a - 

25 signal is only detectable if a nucleotide sequence is obtained which carries both the moiety attached to the 
detectable first nucleotide probe and the moiety attached to the second nucleotide probe. 

10. A method as claimed in claim 1 for discriminating between alternative nucleotide sequences in 
which a target sequence is subjected to hybridisation with more, than two oligonucleotide probes such that 
where a complementary target sequence is present a split probe hybrid is obtained, the detectable first 

30 nucleotide probe being a terminal oligonucleotide probe which is detectable and the second nucleotide 
probe being the other terminal oligonucleotide probe which has attached thereto one member of a binding 
pair, individual other oligonucleotide probes(s) being hybridised separately but adjacently to a contiguous 
target sequence between the said terminal oligonucleotide probes, the hybrid obtained is then subjected to 
selective denaturation whereby to denature any oligonucleotide probe hybridised to the target sequence 

35 across a base pair mismatch, and the individual oligonucleotide probes linked to join the detectable 
oligonucleotide probe to the oligonucleotide probe having one member of a binding pair attached thereto to 
form a linked probe hybrid which is then denatured and contacted with the other member of the binding 
pair whereby the detectable linked probe nucleotide sequence including the said binding pair may be 
separated from other nucleotide sequences. 

40 11. A split probe hybrid comprising a detectable first nucleotide probe and a second nucleotide probe 
hybridised to adjacent segments of a target base sequence, the detectable first nucleotide probe being 
capable of linkage to the second nucleotide probe. 

12. A split probe hybrid as defined in claim 11 wherein the detectable first nucleotide probe and/or the 
second nucleotide probe are hybridised to either side of a variant sequence associated with a disease state 

45 or to the corresponding normal sequence; or are hybridised to the target base sequence such a that variant 
bas sequence associated with a disease state therein is at the terminal end of one of said probes, which 
terminal end is contiguous with the other of said probes or are hybridised to the corresponding normal 
sequence. 

13. A kit for discriminating between alternative nucleotide sequences which comprises a detectable first 
so nucleotide probe and a second nucleotide probe, each probe having a nucleotide sequence homologous to 

adjacent segments of a target sequence, a potential variant sequence being present in one of said 
segments or therebetween; the detectable first nucleotide probe and/or the second nucleotide probe being 
such that a potential variant sequence is at the terminal end of one of said probes, wnich terminal end is 
contiguous with the other of said probes or the potential variant sequence is present between said probes. 
55 the kit aditionally containng a reagent(s) for linking said probes. 
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M. A kit as claimed in claim 13 which contains a detectable first nucleotide prooe and second 
nucleotide probe for detecting a point mutation associated with a disease state as well as a Detectable first 
nucleotide probe and a second nucleotide probe for detecting the corresponding normal sequence in wnich 
the point mutation was absent. 




\ 

\ 



I 

I 

f 



0 246 864 



Fig A. 
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Fig.5. 
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Fig. 6. 
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